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[57] ABSTRACT 

An object-oriented dialogue manager is provided Which 
alloWs a computer system or other dialogue processing 
system to conduct an efficient dialogue With a human user. 
In an illustrative embodiment, the dialogue manager pro 
cesses a set of frames characterizing a subject of the 
dialogue, Where each frame includes one or more properties 
that describe an object Which may be referenced during the 
dialogue. A Weight is assigned to each of the properties 
represented by the set of frames, such that the assigned 
Weights indicate the relative importance of the correspond 
ing properties. The dialogue manager utilizes the Weights to 
determine Which of a number of possible responses the 
system should generate based on a given user input received 
during the dialogue. The dialogue manager serves as an 
interface betWeen the user and an application Which is 
ruining on the system and de?nes the set of frames. The 
dialogue manager supplies user requests to the application, 
and processes the resulting responses received from the 
application. The dialogue manager uses the property Weights 
to determine, for example, an appropriate question to ask the 
user in order to resolve ambiguities that may arise in 
execution of a user request in the application. 
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METHODS AND APPARATUS OBJECT 
ORIENTED RULE-BASED DIALOGUE 

MANAGEMENT 

FIELD OF THE INVENTION 

The present invention relates generally to dialogue pro 
cessing systems, and more particularly to object-oriented 
techniques for managing a dialogue betWeen a processing 
system and a human user. 

BACKGROUND OF THE INVENTION 

Dialogue processing systems are expected to come into 
increasingly Widespread use in a variety of speech process 
ing applications, including computer interfaces, automated 
call handlers, ticket machines, automatic teller machines 
(AT Ms), reservation systems, interactive on-line services, 
and any other application involving human-machine inter 
action Which can be characteriZed as a dialogue. If such 
systems are to become more effective information-seeking, 
task-executing, and problem-solving agents, they must be 
able to communicate as effectively With humans as humans 
do With each other. Conventional dialogue processing sys 
tems may be generally classi?ed as question-ansWer 
systems, spoken input systems, or variable initiative sys 
tems. 

In a question-ansWer system, a user seeks a particular 
piece of information that the system possesses. Exemplary 
question-ansWer systems are described in S. Carberry, “Plan 
Recognition in Natural Language Dialogue,” IT Press, 1990; 
R. E. Frederking, “Integrated Natural Language Dialogue: a 
Computational Model,” KluWer Academic Publishers, 1988; 
G. G. Hendrix, E. D. Sacerdoti, D. SagaloWicZ, and J. 
Slocum, “Developing a Natural Language Interface to Com 
plex Data,” ACM Transactions on Database Systems, pp. 
105—147, June 1978; R. Wilensky, “The Berkeley UNIX 
Consultant Project,” Computational Linguistics, 14:35—84, 
1988; and B. J. GrosZ, D. E. Appelt, P. A. Martin, and F. C. 
N. Pereira, “TEAM: An Experiment in the Design of Trans 
portable Natural Language Interfaces,” Arti?cial 
Intelligence, 32:173—243, 1987. These question-ansWer sys 
tems generally require user input to be entered via a 
keyboard, and do not include any signi?cant capability for 
processing natural spoken language. 

Spoken input systems have the added difficulty of requir 
ing robust natural language understanding capabilities. One 
such system is the MINDS system, described in S. R. Young, 
A. G. Hauptmann, W. H. Ward, E. T. Smith, and P. Werner, 
“High Level Knowledge Sources in Usable Speech Recog 
nition Systems,” Communications of ACM, pages 183—194, 
February 1989, Which is incorporated by reference herein. 
The MINDS system uses discourse and dialogue knoWledge 
to aid in the speech recognition task. Another spoken input 
system is the TINA system, described in S. Seneff, “TINA: 
A Natural Language System for Spoken Language 
Applications,” Computational Linguistics, pp. 61—86, 1992, 
Which is incorporated by reference herein. This system uses 
probabilistic netWorks to parse token sequences provided by 
a speech recognition system. The VODIS system, described 
in S. J. Young and C. E. Proctor, “The Design and Imple 
mentation Dialogue Control in Voice Operated Database 
Inquiry Systems,” Speech and Language, 329—353, 1989, 
Which is incorporated by reference herein, is a voice oper 
ated database inquiry system for a train timetable applica 
tion. This system uses an object-oriented integrated frame 
Work for dealing With interface design, determining hoW 
dialogue can aid the recognition process, and providing the 
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2 
dialogue control needed for generating natural speech out 
put. Another spoken input system designed for use in a train 
timetable application can be found in H. Aust et al., “Philips 
Automatic Train Timetable Information System,” Speech 
Communication, pp. 249—262, 1995, Which is incorporated 
by reference herein. This system attempts to provide a 
user-friendly interface, such that users can talk to the system 
in an unconstrained and natural manner to extract train 
information. Unfortunately, each of these spoken input sys 
tems is generally application speci?c, and fails to provide a 
suf?ciently general frameWork for implementing dialogue 
management across a variety of different applications. 

A variable initiative system is one Which is capable of 
taking the initiative in a dialogue under appropriate 
circumstances, While also knoWing When to relinquish the 
initiative if it determines that the user’s input Will help guide 
the system to a quicker solution. An example of such a 
system is described in D. G. BobroW, “GUS: A Frame 
Driven Dialog System,” Arti?cial Intelligence, 155—173, 
1977, Which is incorporated by reference herein. Conven 
tional variable initiative systems, like the above-noted spo 
ken input systems, are also unable to provide a general 
dialogue management frameWork for supporting a large 
number of diverse applications. 

It is therefore apparent that a need exists for dialogue 
management techniques Which are sufficiently general to be 
used as an application-independent frameWork for providing 
dialogue management in a variety of diverse applications. 

SUMMARY OF THE INVENTION 

The invention provides an object-oriented dialogue man 
ager Which alloWs a computer system or other dialogue 
processing system to conduct an ef?cient dialogue With a 
human user. In an illustrative embodiment of the invention, 
a dialogue manager processes a set of frames characteriZing 
a subject of the dialogue, Where each frame includes one or 
more properties that describe an object Which may be 
referenced during the dialogue. For example, the object 
corresponding to a given one of the frames may be a person 
or other entity for Which information has been stored in a 
database accessible to the system, and a property describing 
the entity may be the name of the entity. AWeight is assigned 
to each of the properties represented by the set of frames, in 
such a manner that the assigned Weights indicate the relative 
importance of the corresponding properties. The dialogue 
manager utiliZes the Weights to determine Which of a num 
ber of possible responses the system should generate based 
on a given user input received during the dialogue. The 
frames, properties and Weights are generally speci?c to a 
particular dialogue processing application Which is running 
on the system, but the objects and processing rules of the 
dialogue manager may remain unchanged regardless of the 
particular application. The dialogue manager may also make 
use of other factors, such as dialogue motivators, in deter 
mining an appropriate response to a given user input. 
The dialogue manager serves as an interface betWeen the 

user and the application Which is running on the system and 
de?nes the set of frames. The dialogue manager in the 
illustrative embodiment converts the user input to a tree 
representation, and supplies the tree representation to an 
input ?lter Which serves as an interface betWeen the dialogue 
manager and the application. The input ?lter extracts infor 
mation from the tree representation and places it in a format 
suitable for processing by the application. If the user input 
is a user request, the application executes the request to 
generate a response. The response is then passed through an 
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output ?lter to place it in a format suitable for processing by 
the dialogue manager. If executing the user request in the 
application leads to any ambiguity, the dialogue manager 
clari?es the user request by directing an appropriate question 
or questions to the user. As part of this process, the dialogue 
manager generates an interpretation tree representation of 
the response, such that the interpretation tree representation 
includes a different branch for each of a plurality of possible 
interpretations of the user request. If executing the user 
request in the application does not lead to any ambiguity, the 
dialogue manager presents the response to the user. 

In accordance With another aspect of the invention, the 
dialogue manager determines Which property a user Will be 
queried about in an initial system response by computing an 
expected number of subsequent queries for each of the 
properties of one or more of the frames. This computation 
may be performed by ?rst selecting one of the properties and 
designating it as the ?rst property. The expected number of 
subsequent queries is then computed recursively, given that 
the ?rst property is the property the user is asked about ?rst. 
The selection and computation operations are repeated for 
each of the remaining properties, and the property that yields 
the minimum expected number of subsequent queries is 
selected for use in the initial system query. 

In accordance With another aspect of the invention, the 
frame properties may be separated into static properties and 
dynamic properties, Where static properties are de?ned as 
part of an application running on the processing system, and 
dynamic properties are those properties that are determined 
based on a current context of the dialogue. Static properties 
may include, for example, approximate properties and prop 
erties that are computationally inexpensive to retrieve from 
the application. Dynamic properties may include properties 
that are bound in the context of a user request, properties that 
are requested by the user, and any other properties that are 
not static. The static and dynamic properties are further 
separated into a number of different classes, based on logic 
functions or other combinations of different sets of the static 
and dynamic properties. The class of a given property may 
then be used in conjunction With its Weight to determine its 
relative importance and therefore an appropriate response to 
a user input. In some applications, the Weight associated 
With a property provides a good global measure of the 
importance of the property but may not capture its “local” 
importance, Where local importance of a property refers to 
its importance in the current context of the dialogue. Mem 
bership in a particular class based on a function of the 
above-noted static and dynamic property grouping provides 
an effective Way of combining the local and global impor 
tance of a property. 

The present invention utiliZes an approach to dialogue 
management Which is object-oriented and rule-based, and is 
suitable for use in question-ansWer systems, spoken input 
systems, variable initiative systems, as Well as other types of 
dialogue processing systems. The approach of the present 
invention is scalable and therefore simpli?es application 
development. Information about each part of a particular 
dialogue processing application can be encapsulated, and is 
therefore easy to augment, de?ne and rede?ne as the need 
arises. Moreover, the application-independent objects com 
prising the dialogue manager eliminate the need for an 
application developer to manually de?ne the dialogue states 
and their interconnections. The invention may be imple 
mented in numerous and diverse dialogue processing 
applications, and considerably simpli?es the development of 
such applications. These and other features and advantages 
of the present invention Will become more apparent from the 
accompanying draWings and the folloWing detailed descrip 
tion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs an exemplary dialogue processing system in 
Which the dialogue management techniques of the present 
invention may be incorporated. 

FIG. 2 illustrates the interaction betWeen a dialogue 
manager, a user and an application in accordance With one 
embodiment of the invention. 

FIG. 3 shoWs the relationship betWeen different frames in 
an illustrative embodiment of the invention suitable for use 
in a travel reservation application. 

FIGS. 4 and 5 shoW interpretation trees Which may be 
generated by a dialogue manager in accordance With the 
invention. 

FIG. 6 is a block diagram illustrating the operation of an 
exemplary dialogue manager Which may be implemented in 
the dialogue processing system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention Will be illustrated beloW in con 
junction With an exemplary dialogue processing system. It 
should be understood, hoWever, that the disclosed tech 
niques are suitable for use With a Wide variety of other 
systems and in numerous alternative applications. For 
example, although illustrated using a system Which conducts 
a spoken dialogue With a user, the invention is also suitable 
for use With non-spoken dialogues, such as dialogues in 
Which a user types responses to system questions on a 
keyboard. The term “dialogue” as used herein refers gener 
ally to a conversation-like exchange involving tWo or more 
participants. An “agent” refers generally to a particular 
dialogue participant. The term “initiative” refers generally to 
a particular type of role Which an agent can take on in a 
dialogue. 

FIG. 1 shoWs an exemplary dialogue processing system 
10 in Which dialogue management techniques in accordance 
With the present invention may be implemented. The pro 
cessing system 10 is con?gured to provide interaction 
betWeen a computer or other processor and one or more 
human users. Both the computer and the human users are 
referred to herein as agents. The system 10 receives a speech 
signal in the form of utterances from a user via a microphone 
12. A speech recognition unit 14 converts the speech signal 
to a computer-recognizable format, utiliZing keyWord tem 
plates or other information stored in a system memory 16. 
The converted speech signal is then supplied to a processor 
18 for processing in accordance With dialogue processing 
techniques to be described in greater detail beloW. The 
processor 18 generates an output speech signal by supplying 
appropriate drive signals to a speech synthesiZer 20. Both 
the processor 18 and the speech synthesiZer 20 may make 
use of information stored in system memory 16. The output 
speech signal is supplied from speech synthesiZer 20 to a 
speaker 22 for delivery in an audibly perceptible form to the 
user. 

The present invention may be implemented in the form of 
a computer softWare program stored in memory 16. As Will 
be described in greater detail beloW, the softWare program 
provides a set of dialogue management techniques, and may 
be referred to generally herein as a dialogue manager. The 
dialogue manager program may be executed by processor 18 
in accordance With user-supplied input speech signals to 
produce a desired collaborative dialogue suitable for solving 
a particular problem in a given application. The various 
elements of processing system 10 may represent hardWare 
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and/or software elements of a personal computer, mainframe 
computer, microcomputer, Workstation, telephone call han 
dling system, ATM or any other system in Which human 
machine interaction is implemented in the form of a col 
laborative dialogue. Although the system 10 of FIG. 1 is 
con?gured to process speech signals, alternative embodi 
ments of the invention may utiliZe other types of input and 
output devices, such as a keyboard and a display monitor, 
respectively, to alloW the system to conduct a non-spoken 
dialogue With a user. For example, the user portions of a 
dialogue may be entered into the system by the user via the 
keyboard, and the system responses may be displayed, With 
or Without the corresponding user portions, on the display 
monitor. 

The present invention provides dialogue management 
techniques Which alloW a dialogue processing system such 
as system 10 of FIG. 1 to conduct an intelligent dialogue 
With a human user. The dialogue management techniques 
implement a set of general dialogue principles Which may be 
used to characteriZe dialogues in a Wide variety of practical 
applications, including question-ansWer systems, spoken 
input systems and variable initiative systems. An exemplary 
embodiment of the invention utiliZes the folloWing set of 
?ve general dialogue principles: disambiguation, relaxation, 
con?rmation, completion, and initiative taking. The system 
is con?gured to include a set of objects to provide appro 
priate processing to implement each of these dialogue prin 
ciples. The generality of these principles facilitates the use 
of the system in a Wide variety of different dialogue pro 
cessing applications. Other embodiments of the invention 
may utiliZe a subset of these general dialogue principles, as 
Well as other dialogue principles not speci?cally noted. An 
exemplary set of objects for providing dialogue management 
in accordance With the invention Will be described in greater 
detail in conjunction With FIG. 6 beloW. 

As noted above, the present invention utiliZes an approach 
to dialogue management Which is object-oriented and rule 
based. Unlike conventional ?nite-state or directed graph 
approaches, the approach of the present invention is scalable 
and therefore considerably simpli?es application develop 
ment. For example, information about each part of a par 
ticular dialogue processing application can be encapsulated, 
and is therefore easy to augment, de?ne and rede?ne as the 
need arises. Moreover, the set of objects comprising the 
dialogue manager eliminates the need for an application 
developer to manually de?ne all the dialogue states and their 
interconnections, Which considerably simpli?es the devel 
opment process for applications Which may be run using the 
dialogue processing system. 

The invention may be con?gured to utiliZe a number of 
dialogue motivators, each of Which may be vieWed as a 
reason for conducting a dialogue. Exemplary motivators 
include: (1) queries generated by missing required informa 
tion; (2) relaxation; (3) con?rmation; (4) disambiguation of 
user inputs; (5) description of otherWise invisible semantic 
actions; (6) augmentation; and (7) detection of user 
confusion/error correction. The folloWing are examples of 
dialogues illustrating each of the above motivators. State 
ments appearing in italics are from a user and those in 
boldface are generated by the processing system. 

1. Missing Information. Missing information refers gen 
erally to pieces of information that the dialogue manager 
must knoW about in order to process a user request. 
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6 
I Would like to travel from NeWark to Miami tomorroW. 

At What time? 

In the morning. 
First class, business, or coach? 

In this example, the time of ?ight and the type of seating is 
required to make a reservation and therefore must be asked 
before searching for a ?ight. 

2. Relaxation. Relaxation refers generally to the ability of 
the system to drop certain constraints that caused it to not be 
able to process a user request. 

I Would like to travel ?rst class from NeWark to Miami 
tomorroW before 10AM. 

There are no such ?ights. HoWever, there are tWo ?ights 
that are not ?rst class. Would you like me to list them? 

Yes. 

The departure times are 8:00 and 9:00. 
This user request Was too restrictive and hence could not be 
ful?lled. The request must then be relaxed in order to ?nd a 
?ight. Offering a choice of business, coach or a ?ight after 
10AM alloWs the collection of additional information that 
may make it possible to reserve a ?ight. 

3. Con?rmation. Con?rmation may be used When a user 
request could not be carried out. For example, the system 
may elect to con?rm the value of a property to ensure that 
it understood it correctly. 

What is your id? 

6473. 
Upon not ?nding an id With the value 6473 the system Will 

ask: 

Is 6473 your id? 
4. Disambiguation. Disambiguation occurs if the system 

determines that something the user has said can be confused 
With something else that it knoWs about or if it can not 
execute the task in a unique manner. 

Was Amadeus nominated for an academy aWard? 

Is Amadeus the movie’s title? 

No. 
The ambiguity in this example arises from the fact that 
Amadeus may be both the name of a movie and the name of 
a person, and the system therefore must distinguish betWeen 
the tWo. 

5. Invisible semantic actions. The dialogue system should 
alert the user to invisible semantic actions, Which are 
implicit actions that may occur because of a constraint 
imposed by the user. 

I Would like a round trip ticket from NeWark to San 
Francisco leaving tomorroW before 10AM. 

First class, business, or coach? 
Coach. 

Returning When? 
Next Friday after 6PM 
The only ?ight returning next Friday is a ?rst class ?ight. 

Is this OK? 

Making sure that the user knoWs that the return ?ight is not 
coach ensures that the reservation conforms to the user 
request. Con?rming Whether or not the request is correct in 
this case is an example of an otherWise invisible semantic 
action. 

6. Augmentation. Augmentation is the opposite of relax 
ation. An under-constrained request may require augmenting 
the information that the dialogue system possesses in order 
to select among several possible solutions to the request. 
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Was Amadeus nominated for an academy award? 

Is Amadeus the movie’s title? 

No. 

There are several people With the name Amadeus. What is 
Amadeus’ occupation? 

Composer. 
In this example there Was not enough information to ansWer 
the initial question. The problem is that there is more than 
one person With the name Amadeus, and therefore the 
system must gather more information about Which Amadeus 
the user is referring to. 

7. User Confusion/Error Correction. If the user does not 
knoW hoW to ansWer a question the system must be able to 
ask another question in the hopes of executing the user 
request. One indication that the user is confused is if he/she 
ansWers a question With “I don’t knoW” or something 
similar. Another indication of user confusion may be a lack 
of progress, that is, an indication that the system is having 
dif?culties extracting a correct piece of information from the 
user. 

Was Amadeus nominated for an academy aWard? 

Is Amadeus the movie’s title? 

No. 

There are several people With the name Amadeus. What is 
Amadeus’ occupation? 

I don’t knoW. 
What is Amadeus’ full name? 
Wolfgang Amadeus MoZart. 

This example resembles the previous one With the exception 
that the user When asked does not knoW Amadeus’ occupa 
tion. In this case another property of Amadeus must be found 
that may be used to distinguish among the several people 
With the name Amadeus. 

The operation of the above-noted dialogue manager Will 
noW be described in greater detail. The dialogue manager 
operates so as to direct a dialogue With a user in an attempt 
to satisfy a user request. The user request may be a request 
for a particular piece of information from a database (e.g., 
availability of a ?ight or car), a command (e.g., to have a 
robot move an object to a desired location), or any other type 
of request. Irrespective of the particular task, the dialogue 
manager is con?gured to recogniZe the user request, deter 
mine When to initiate a dialogue, and decide What to ask the 
user so as to process the user request ef?ciently. 

FIG. 2 illustrates in greater detail the operation of a 
dialogue processing system such as system 10 of FIG. 1 in 
accordance With the invention. The FIG. 2 diagram shoWs 
the How of control betWeen a dialogue manager 30, a human 
user 32 and an application 34. The dialogue manager 30 and 
application 34 are generally implemented in softWare run by 
processor 18 and stored in memory 16. The dialogue man 
agement process in this example begins When the user says 
something, either in response to an initial question posed by 
the system or as an initial user request. The user input in this 
embodiment thus comes into the system in the form of a 
sentence or other utterance. The meaning of the utterance is 
then extracted and placed in a semantic tree representation 
36. The dialogue manager 30 uses the tree representation 36 
to determine if it should execute one of a number of dialogue 
motivating algorithms based on the above-described moti 
vators. These algorithms may each involve a number of 
different processing operations, such as, for example, direct 
ing one or more questions to the user, supplying user input 
to the application, and transmitting responses from the 
application to the user. 
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If the dialogue manager 30 determines that it needs to ask 

the user a question, it calls a natural language generation 
element 42 Which outputs the question in a user-perceptible 
form. If the dialogue manager 30 determines that the user 
request is unambiguous and does not lack information, it 
supplies the semantic tree representation 36 to an input ?lter 
38 Which serves as an interface betWeen the dialogue 
manager 30 and the application 34. The input ?lter 38 
extracts the needed information from the semantic tree 
representation 36 and puts it in a format suitable for pro 
cessing by the application 34. The application 34 then 
executes the request and sends back an appropriate response 
that is formatted by an output ?lter 40 and delivered to the 
dialogue manager 30. The dialogue manager 30 determines 
if the result of executing the user request led to any ambi 
guities in the application 34, in Which case the process may 
be repeated to clarify the ambiguity. If the dialogue manager 
30 determines that the application 34 did not ?nd any 
ambiguities in the request, then the response generated by 
application 34 is presented to the user via the language 
generation element 42. 

In posing a question to the user, the dialogue manager 
generally should be con?gured to select those questions that 
are meaningful, efficient, and computationally inexpensive. 
For a question to be meaningful it should be related to What 
the user Wants. Ef?ciency generally means arriving at an 
appropriate request by asking the feWest number of ques 
tions. Acomputationally inexpensive question may involve, 
for example, a request for a piece of information that can 
easily be retrieved from a database, or a command that can 
easily be carried out. In certain embodiments of the 
invention, determining a computationally inexpensive ques 
tion may be a responsibility assigned to the application 34. 
The dialogue manager 30 includes a set of objects for 

handling the various dialogue principles noted previously. In 
accordance With the invention, the con?guration of these 
objects is generally unaffected by the particular application 
34. Application independence and scalability are important 
advantages of the object-oriented and rule-based dialogue 
management of the present invention. Although the dialogue 
manager 30 may be implemented using a ?nite-state 
approach, Which generally requires de?nition of all possible 
dialogue states and their interconnections, such an approach 
Will often be unduly complex for large-scale applications. 
The illustrative embodiment of the invention described 
herein instead relies on the dialogue manager 30 to deter 
mine Which dialogue principles to apply and When to apply 
them. This feature eliminates the need to predict all possible 
dialogue states and their interconnections, and thus consid 
erably simpli?es application development. 
A summary of the underlying representations used by the 

illustrative dialogue manager 30 Will noW be provided. 
These representations include a grammar, frames, and inter 
pretation trees. The ?rst step in conducting an intelligent 
dialogue is to understand What the other participant has said. 
In order to enable the processing system to do this, the 
dialogue manager 30 is supplied With a grammar that Will 
enable it to parse a variety of queries and requests. The 
grammar may be Written in a high-level language such as 
Grammar Speci?cation Language (GSL), as described in M. 
K. BroWn and B. M. Buntschuh, “A NeW Grammar Com 
piler for Connected Speech Recognition,” Proceedings of 
ICSLP94, September 1994, Which is incorporated by refer 
ence herein. The grammar of the dialogue manager 30 may 
also include a semantics capability, such that the semantics 
may be used to build a proper interpretation tree for a given 
user request. 
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FIG. 3 shows a hierarchy of frames that may be used to 
represent the concept of a reservation in a dialogue process 
ing application for making travel arrangements. A frame 
refers generally to a collection of properties that describes an 
object or concept. For example, a person may be an object, 
a name may be a property of that object and a particular 
name John Smith may be the value of a property. The FIG. 
3 example includes a frame 50 denoted “Reservation,” a 
frame 52 denoted “Flight Reservation,” and a frame 54 
denoted “Car Rental.” Frames may inherit properties from 
other frames. In the FIG. 3 example, the frames 52 and 54 
may each inherit properties, such as “Person’s Name,” and 
“Form of Payment,” from the general “reservation” frame 
50. In accordance with the invention, each of the properties 
of a given frame is assigned a weight, such that the weight 
conveys to the dialogue manager 30 the importance of the 
corresponding property. For example, a higher weight may 
indicate a more important property. The set of weights is 
used by the dialogue manager 30 when it formulates its 
queries to a user. That is, the dialogue manager 30 may 
decide to ask the user about the property which has the 
highest weight since this is a relatively important property. 
As is apparent from the FIG. 3 example, the de?nition of the 
frames is generally speci?c to the application 34. 

FIGS. 4 and 5 show exemplary interpretation trees which 
may be constructed by the dialogue manager 30 in two 
different applications of the invention. The above-described 
grammar assists the dialogue manager 30 in building a tree 
structure that represents an interpretation of a user utterance. 
In constructing the interpretation tree, the dialogue manager 
30 may ?nd two or more possible meanings for a given user 
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The second of the two situations leading to disambigua 

tion occurs when there are too many responses from the 
application 34. This situation is illustrated in the interpre 
tation tree of FIG. 5. In this example, a user has requested 
the system to reserve a ?ight from New York to Boston 
departing in the morning, and the ambiguity arises because 
the application 34 has returned three such ?ights. This 
ambiguity is indicated by “+” node 80. If either one of the 
two situations illustrated in FIGS. 4 or 5 occurs, the dialogue 
manager 30 should be able to select an appropriate question 
to ask the user in the hopes that an answer to that question 
will resolve the ambiguity. It should be noted that the 
question that the dialogue manager 30 selects to ask ?rst can 
affect the number of questions that it will have to ask to 
resolve the ambiguity. In order to avoid tedium for the user, 
it is generally important that the dialog manager 30 resolve 
the ambiguity using the fewest number of questions. 
The following example will serve to illustrate the question 

selection process in dialogue manager 30. Assume the 
dialogue manager 30 has detected an ambiguity and that the 
corresponding interpretation tree includes ?ve branches, B1 
through B5, and three properties that the dialogue manager 
30 can ask the user about in order to resolve the ambiguity. 
The frames are representative of a ?ight reservation appli 
cation and the three properties include the departure city 
(DepCity), the arrival city (ArrCity) and the departure time 
(DepTime). TABLE 1 below shows the values of the prop 
erties for each of the ?ve branches of the interpretation tree. 
It will be assumed for simplicity of illustration that the 
outcome of the selection process is equiprobable. 

TABLE 1 

B1 B2 B3 B4 B5 

DepCity Boston Boston Washington New York Washington 
ArrCity Washington New York New York Washington New York 
DepTime 9:00 9:00 11:30 11:30 9:00 

utterance. If this is the case, the dialogue manager creates an 
interpretation tree with the same number of branches as 
possible interpretations for the utterance and then attempts 
to disambiguate it. There are generally at least two situations 
that lead to disambiguation. The ?rst situation occurs when 
the user has said something that is ambiguous. This situation 
is illustrated in the interpretation tree of FIG. 4, which is 
generated by the dialogue manager 30 in order to interpret 
the user sentence “Who starred with Burt Lancaster in 
Atlantic City?” The ambiguity is represented by the “+” 
node 60. In this example, the ambiguity exists because there 
are two different interpretations for the phrase “in Atlantic 
City.” The sentence may be referring to the location in which 
the movie was ?lmed or it may be referring to the movie 
title. The dialogue manager 30 traverses a given interpreta 
tion tree looking for “+” nodes indicative of ambiguity. 
When it ?nds a “+” node, the dialogue manager 30 directs 
one or more questions to the user in order to clarify the 
ambiguity. In the FIG. 4 example, the ambiguity correspond 
ing to node 60 may be resolved by the dialogue manager 30 
directing the following question to the user: Is Atlantic City 
the movie’s title?” The dialogue manager generally thus 
clari?es each higher level ambiguity before searching deeper 
into the interpretation tree looking for other ambiguities. The 
dialogue manager formulates its questions based on the 
frames, the properties associated with the frames, and the 
weights assigned to the properties. 
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If the dialogue manager were to ask the user about the 
departure city ?rst, then the user may respond with either 
Boston, Washington, or New York. To satisfy the above 
noted equiprobability of outcomes, there is a 40% probabil 
ity that the user will say Boston, a 40% probability that the 
user will say Washington and a 20% probability that the user 
will say New York. If the user responds with Boston, then 
the dialogue manager must discriminate between the 
branches B1 and B2. If the user responds with Washington, 
then the dialogue manager must distinguish between the 
branches B3 and B5. However, if the user responds with 
New York, then the dialogue manager does not need to ask 
any further questions because this response narrows the 
search for the correct branch to one, namely branch B4. It is 
therefore apparent that asking a question reduces the number 
of branches contributing to the ambiguity. If the user 
responds with Boston as the departure city, then the dialogue 
manager should choose to ask next about the arrival city 
rather than the departure time because a response to the 
question about the arrival city will single out a branch, while 
a response to departure time will not because both ?ights in 
branches B1 and B2 have a departure time of 9:00. Similarly, 
if the user responds with Washington as the departure city, 
then the dialogue manager should ask next about the depar 
ture time because the arrival city in branches B3 and B5 is 
the same and hence it would not be able to distinguish 
between the two ?ights. 
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As noted above, the total number of questions required to 
resolve an ambiguity is typically a function of the order in 
Which the questions are asked. In the TABLE 1 example, the 
total expected number of questions if the dialogue manager 
chooses to ask about the departure city ?rst is 1.8. This value 
is computed based on the probabilities of the responses. In 
this situation, the dialogue manager must ask at least one 
question. After asking the ?rst question, there is a 40% 
probability that it Will have to ask a second question should 
the user respond With Boston, plus a 40% probability that it 
Will have to ask a second question if the user responds With 
Washington, plus 0 if the user responds With NeW York since 
this selects one branch. The total expected number of 
questions is therefore (1+0.4+0.4) or 1.8. Had the dialogue 
manager chosen to ask about the arrival city ?rst, instead of 
the departure city, the total expected number of questions 
Would be 2.4. The reason for this is that there is a high 
probability that the user Will respond With NeW York to the 
question of arrival city. If this is the case, then the dialogue 
manager may have to ask as many as tWo more questions. If 
the user responds With NeW York When asked for the arrival 
city, then there is a 67% probability that the user Will 
respond With Washington When asked for the departure city, 
Which Would mean asking yet another question, namely the 
departure time, before being able to distinguish among all 
?ve branches. The total expected number of questions is 
therefore (1+0.4+0.6*(1+0.67)) or 2.4. 

The foregoing example indicates hoW the selection of the 
property for the initial query can affect the number of 
subsequent queries required to resolve an ambiguity. A 
dialogue manager in accordance With the present invention 
may therefore determine an appropriate property for an 
initial query by computing the total expected number of 
subsequent queries for each property. The folloWing notation 
Will be used in illustrating this computation: 

B: a set of branches in an interpretation tree 

p: a frame property 
P: a set of frame properties 
W: a Weight associated With a property, W>=1 

V: a set of different values of property p in branch B 
S: a set of instances that have a given value for a given 

property 
|\S(v, p, B)|\/|\B|\: probability that branch B has value v for 

property p. 
The dialogue manager uses the folloWing recursive equation 
to compute the minimum expected number of questions N(P, 
B) for a given set of properties P and branches B: 

1 IISW, P, B)ll 

where ‘\’ is a negation operator. The dialogue manager 
initially chooses a property peP as the ?rst property and 
recursively calls the above equation on the remaining prop 
erties in order to compute the total expected number of 
questions given that property p is the property the user is 
asked about ?rst. The dialogue manager similarly computes 
the expected total expected number of questions for all 
properties peP, and then chooses the property p that yields 
the minimum expected number of questions. It then formu 
lates a question regarding the property p and directs the 
question to the user, such that the ambiguity may be resolved 
in a minimal number of questions. 
As noted previously, properties are assigned a Weight in 

order to quantify their relative importance, With a larger 
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Weight generally indicating a more important property. In 
addition, properties may also be assigned a state, Which may 
be either static or dynamic. Static properties are those 
properties that are de?ned as part of the application de?ni 
tion. Such properties may be either approximate properties, 
such as a portion of a person’s name, or properties that are 
computationally inexpensive to retrieve from the applica 
tion. The approximate static properties Will be designated 
S1, the computationally inexpensive static properties Will be 
designated S2 and all other static properties Will be desig 
nated S. Dynamic properties are those that are determined 
based on the current context of the dialogue, and include 
those properties bound in the context of the request, prop 
erties requested by the user, and all other properties that are 
not static. These sets of dynamic properties are designated 
D1, D2, and D, respectively. 
The above-described sets S1, S2, S, D1, D2 and D, 

combined and intersected, form four distinct classes C1, C2, 
C3 and C4 that provide a useful measure of the overall 
importance of a particular property in a current dialogue 
context. Properties that fall into the ?rst class C1 are the most 
attractive properties to use When the dialogue manager needs 
to formulate a query. The class C1 is de?ned as (S\S1) 
OSZQD, and includes those properties that are exact, 
inexpensive, and not bound. This set is generally the most 
attractive because exact properties are more likely to be 
stated Without ambiguity. An inexpensive property has the 
advantage of being easy to retrieve from the application, and 
asking about an unbound property ensures that the question 
formulated is intuitive. The second class C2 is de?ned as 
Sl?Dl, and includes those properties that are approximate 
and bound. Even though this class consists of properties that 
are bound it also refers to those that are approximate and 
hence may require clari?cation. The third class C3 is de?ned 
as Sl?Sz?D, and includes those properties that are 
approximate, inexpensive and not bound. This set gets third 
priority primarily because it refers to properties that are not 
bound and approximate, and therefore have a higher prob 
ability of leading to ambiguities. The fourth class C4 is 
de?ned as S\(C1UC2UC3), and includes all other properties. 
It is the least attractive of the four classes of properties. 
TABLE 2 beloW summariZes the four classes of properties. 

TABLE 2 

Class De?nition Description 

C1 (S\S1)?S2?D exact (i.e., not approximate), inexpensive, not 
bound 

C2 Sl?D1 approximate, bound 
C3 Sl?Sz?D approximate, inexpensive, not bound 
C4 S\(C1UC2UC3) all other 

In the above recursive equation, l/W Was added to the sum 
to account for the initial question and the Weight associated 
With the property being asked about. The Weight associated 
With a property is generally a global measure of its impor 
tance but may not capture its local importance, Where local 
importance of a property refers to its importance in the 
current context of the dialogue. Membership in one of the 
classes C1, C2, C3 or C4 provides a Way of combining the 
local and global importance of a property. This may be done 
by de?ning the Weight in the recursive equation to be 
W=WP+WC, Were WP is the Weight associated With a property 
and WC is the Weight associated With a class. 
As noted above, When faced With an ambiguity the 

dialogue manager solicits pieces of information from the 
user in its attempts to clarify the ambiguity. The dialogue 
manager can accomplish this by asking the user a series of 
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questions. The dialogue manager utilizes the user’s response 
to these questions to select a particular branch from the 
corresponding interpretation tree. This disambiguation pro 
cess is referred to herein as “collapsing.” When the dialogue 
manager presents the user With a query, the dialogue man 
ager may create an expectation tree to serve as a depository 
for the user’s response. The expectation tree, like the 
previously-described interpretation tree, includes nodes that 
represent instances of frames. When the dialogue manager 
has decided What property to ask the user about, it forms an 
instance of the appropriate frame. For example, if the 
dialogue manager asks: 
What city does the ?ight depart from? 

it creates a ?ight instance and marks the departure city as the 
property for Which a response is expected from the user. 

The folloWing example Will illustrate the collapsing pro 
cess in greater detail. Assume that a user has asked to reserve 
a ?ight from NeW York to Boston departing in the morning, 
and that the application has returned three such ?ights. FIG. 
5 shoWs the corresponding interpretation tree. The above 
described question selection policy implemented by the 
dialogue manager returns the departure time as the property 
it should ask the user to clarify since this property differs 
among the three ?ights and it is a property Which is 
relatively important from the standpoint of reserving a ?ight, 
certainly more so than, for example, the aircraft. The dia 
logue manager responds With: 

There are 3 ?ights. The departure times are 7:00, 8:00, and 
9:00. Please select one. 

At this point the dialogue manager creates an expectation 
tree Which includes a ?ight instance Whose departure time is 
marked as being the property the user is expected to ?ll in 
as a result of the dialogue manager’s question. Assume that 
the user selects 8:00 as the departure time. The dialogue 
manager proceeds to collapse the expectation tree and the 
ambiguous interpretation tree of FIG. 5 that contains the 
three ?ights. The collapsing process may involve the dia 
logue manager performing a pattern match betWeen the 
properties of the expectation tree and the ambiguous inter 
pretation tree. It Will then select the branch of the interpre 
tation tree Whose departure time is 8:00 since this matches 
the departure time in the expectation tree. If the user says 
something that the dialogue manager is not expecting in its 
expectation tree, then the dialogue manager Will con?rm 
What the user has said. If What the user said is con?rmed, 
then the dialogue manager Will proceed to ask another 
question in an attempt to clarify the ambiguity. If the 
dialogue manager runs out of questions, it noti?es the user 
that the system can not carry out the request. 

There may be occasions When, even With an unambiguous 
interpretation tree and no missing information, the dialogue 
manager may not be able to ful?ll a user request Without 
further intervention. When this situation arises, the dialogue 
manager may perform either a con?rmation or a relaxation 
process. As noted above, con?rmation generally involves 
verifying the value of certain properties associated With the 
request, While relaxation generally involves dropping certain 
properties associated With the request. Before relaxing a 
constraint the dialogue manager may choose to con?rm the 
value of a particular property. The dialogue manager usually 
?rst chooses to con?rm those properties that are 
approximate, because these properties have a higher prob 
ability of being incorrectly spoken or incorrectly recogniZed. 
If con?rming a property results in the realiZation that the 
value is correct, then the dialogue manager proceeds to relax 
a constraint. If con?rming a property results in the realiZa 
tion that the value is incorrect, then the user is prompted for 
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14 
the value of that property again, and the dialogue process is 
repeated. An important issue With relaxing constraints is 
knoWing Which constraints to relax. For example, the dia 
logue manager should not drop any required properties since 
these are vital to ful?lling the user request. It may instead 
begin by dropping those constraints that have loW Weights. 
If this results in retrieving certain data relevant to the 
request, then that data is presented to the user. If the dialogue 
manager runs out of properties it can drop, then it may 
choose to con?rm those properties that have high Weights. 
The dialogue manager implements the above-noted 

completion process by querying the user for any missing 
required information. The dialogue manager determines that 
there is missing required information by examining the 
Weights associated With the properties of those frames that 
have been instantiated. If there are one or more properties 
lacking a value, and these properties have Weights Which are 
suf?ciently high, then the dialogue manager may query the 
user for the missing values. 

The performance of a dialogue processing system using 
the above-described dialogue management Will be further 
illustrated beloW in the context of a ?ight reservation 
system. The goal of this exemplary ?ight reservation system 
is to reserve ?ights for airline employees. In this application, 
the dialogue manager is supplied With a particular scenario. 
The scenario provides the dialogue manager With the infor 
mation it needs to understand and execute a user request. 
Again, the statements in italics are from a user and those in 
boldface are from the system. The illustrative ?ight reser 
vation dialogue begins as folloWs: 
Welcome to the ?ight reservation system. What is your 

ID? 
456. 

If the user ID is not found, the dialogue manager Will 
con?rm the ID as folloWs. 

Is 456 your id? 
Yes. 

Since the dialogue manager understood the correct ID, it Will 
try to ask the user another question, such as: 
What is your last name? 
BroWn. 

The dialogue manager then seeks information from an 
application database regarding an employee Whose last 
name is BroWn. In this example it Will be assumed that the 
dialogue manager retrieves information on tWo people 
Whose last name is BroWn. This causes the dialogue man 
ager to apply the above-described disambiguation process 
and the dialogue manager asks: 
What is your ?rst name? 
Mike. 

Had there only been one BroWn, then the dialogue manager 
Would not have asked about the ?rst name. But since there 
Was more than one person With the name BroWn, the 
dialogue manager needed to clarify Which BroWn the user 
Was referring to. The dialogue manager did not ask about the 
ID number again because it had already con?rmed the 
number after failing to locate it in the database. The dialogue 
manager distinguished betWeen the tWo people Whose last 
name Was BroWn by asking the user’s ?rst name, as shoWn 
above. It should be noted that the dialogue manager did not 
initially ask for the user’s ?rst name, Which Would have 
meant asking one feWer question in this example, because 
the caller’s last name had a higher Weight associated With it, 
and Was therefore determined to be of greater importance. 

If the above example is altered such that the user not 
knoWn their ID to begin With, the dialogue might have 
proceeded as folloWs: 
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What is your id? 

I don’t know. 
Then the dialogue manager Would have asked: 
What is your last name? 

BroWn. 
Once it has veri?ed the user’s identi?cation, it proceeds to 
determine further instructions and asks: 

What is your departure city? 
NeW York. 

What is your expected time of departure? 
In the morning. 
What is your destination? 
Boston. 

Once it has this information it submits the request to the 
application. For this particular example, the application 
returns tWo ?ights departing from NeW York in the morning 
and arriving in Boston. Therefore it generates the folloWing 
statement: 

There are tWo such ?ights. The departure times are 8:00 
and 9:00. Please choose one. 

8:00 
The dialogue manager may list a number of possible selec 
tions to choose from. Should there be a large number of 
selections available it may say: 

There are many ?ights. Please more accurately specify the 
departure time. 

The dialogue manager chooses to ask about the departure 
time because it differs betWeen the tWo ?ights and because 
it has a high Weight, meaning that it is an important property 
and likely to aid in the disambiguation process. The above 
example dialogue represents a form-?lling dialogue Where 
the system has all the initiative and asks the user a series of 
questions to solicit a single piece of information. The 
invention is of course applicable to many other types of 
dialogues, including dialogues Which are more ?exible and 
alloW the user to take more of an initiative. 

FIG. 6 illustrates an exemplary embodiment of the dia 
logue manager 30 in accordance With the invention. As 
previously noted, the dialogue manager 30 may be imple 
mented in softWare executed by processor 18 of the dialogue 
processing system 10 of FIG. 1. The dialogue manager 30 
includes a number of different objects, each of Which is 
responsible for a portion of the dialogue management pro 
cess. The objects of the dialogue manager 30 in this example 
include an application interface 102, a disambiguator 104, a 
clari?er 106, a prompter 108, a question selection policy 
110, a knoWledge stack 120, and “I don’t knoW” stack 122, 
an ambiguous stack 124, and a script stack 126. These 
objects interact by sending messages to each other either 
requesting data or supplying data, as illustrated in FIG. 6. 
The interaction betWeen the objects is governed by a set of 
rules based on the previously-noted dialogue principles. The 
dialogue manager processes a dialogue in the form of the 
previously-described interpretation trees. The references to 
“tree” in FIG. 6 refer to an interpretation tree generated for 
a particular portion of a dialogue being processed by the 
dialogue manager 30. The various objects of the dialogue 
manager 30 perform operations, such as request operations 
130, 134, 136, 138 and 150, push operations 140, 142 and 
146, pop operations 144 and 152, askiabout operation 148, 
and search operations 154 and 156, on the interpretation 
trees or portions thereof. 

The knoWledge stack 120 contains the interpretation trees 
that represent the knoWledge the user has provided the 
dialogue manager, either in the form of an initial request or 
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16 
as a result of responding to questions from the dialogue 
manager. The application interface 102 directs interpretation 
trees to the knoWledge stack 120 using the push operation 
140. The knoWledge stack 120 is also used by the question 
selection policy 110, as indicated by the search operation 
156. The dialogue manager may search the knoWledge stack 
120 before asking a given question, in order to ensure that 
the user is not asked to supply, for example, the same piece 
of information it is requesting from the system. The “I don’t 
knoW” stack 122 generally contains (frame, property) pairs 
that represent information the user does not knoW about. For 
example, if the user responds With “I don’t knoW” to a 
question “What is the ?ight number?” then the pair (Flight, 
Number) is pushed onto the “I don’t knoW” stack 122 by the 
disambiguator 104 via the push operation 142. The “I don’t 
knoW” stack 122 is used by the question selection policy 110 
in determining What question to ask the user, as indicated by 
the search operation 154. For example, the dialogue man 
ager Will not ask the user about the ?ight number again if he 
or she has previously indicated that they do not knoW it. The 
ambiguous stack 124 contains interpretation trees that have 
been determined to be ambiguous and therefore require 
clari?cation, such as the ambiguous trees shoWn in FIGS. 4 
and 5. 
The prompter 108 determines Whether or not a script is 

present for processing a given user request. A script refers 
generally to a set of trees used to initiate questions that the 
user needs to ansWer to alloW the request to be processed. A 
script can be useful in applications in Which the dialogue 
processing system is to assume an active role and ask the 
user an initial question. Anumber of scripts can be stored in 
the script stack 126. If a script is present for a given request, 
the prompter 108 pops the ?rst tree of that script from the 
script stack 126, as indicated by pop operation 152, and 
passes it to the clari?er 138. If there is no script for a 
particular user request, the prompter 108 Waits for the user 
to ask a question. The question the user asks then gets 
transformed by the prompter 108 into an interpretation tree, 
and the interpretation tree is sent to the clari?er 106. The 
prompter 108 also creates an interpretation tree for any 
question posed to the user and passes it to the clari?er 106. 
The clari?er 106 is responsible for determining if an 

interpretation tree that it receives from either the prompter 
108 or the question selection policy 110 is ambiguous. It 
uses request operation 138 to request a tree from the 
prompter 108. If a tree received by the clari?er 106 is 
ambiguous, the clari?er 106 sends a message to the question 
policy 110 via an askiabout operation 148 in order to 
determine What question or questions should be asked of the 
user to resolve the ambiguity. The clari?er 106 also places 
the ambiguous tree on the ambiguous stack 124, using push 
operation 146. The clari?er 106 then asks the question or 
questions Which the question policy 110 has directed it to ask 
in order to resolve the ambiguity, and sends an expected tree 
to the prompter 108. The prompter 108 then Waits for the 
user’s response and ?lls in the appropriate properties in the 
expected tree to form a corresponding interpretation tree. 

Unlike the clari?er 106, Which is generally responsible for 
only one ambiguous tree at a time, the disambiguator 104 is 
responsible for the entire ambiguous stack 124. The disam 
biguator 104 asks the user questions and applies the above 
described collapsing process until the ambiguous stack 124 
is empty. The disambiguator 104 is also responsible for 
adding (frame, property) pairs to the “I don’t knoW” stack 
122. For example, if the collapsing process is not successful, 
then the disambiguator 104 checks to see if the user has 
responded “I don’t knoW” to a question. If the user has 
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responded “I don’t knoW,” the disambiguator 104 pushes the 
corresponding (frame, property) pair to the “I don’t knoW” 
stack 122 using push operation 142. The disambiguator 104 
removes trees from the ambiguous stack using pop operation 
144. 

The application interface 102 is responsible for interfac 
ing With the application 34 of FIG. 2. Once the disambigu 
ator 104 has arrived at an unambiguous tree With no missing 
information, it sends the corresponding request to the appli 
cation interface 102. The application interface 102 then 
passes the tree along to the input ?lter 38 of FIG. 2 for proper 
translation into a form suitable for the application 34. For 
example, in a database application such as a ?ight reserva 
tion system, this translation process may involve converting 
the tree representation into standard query language (SQL) 
statements. The application interface 102 also receives infor 
mation from the output ?lter 40 of FIG. 2. The output ?lter 
40 converts the information retrieved from the application 
into a tree to be passed to the application interface 102. The 
application interface 102 is also responsible for pushing 
(frame, property) pairs onto the knowledge stack 120 as 
indicated by push operation 140. It should be understood 
that the implementation of the dialogue manager 30 shoWn 
in FIG. 6 is exemplary only, and that numerous alternative 
embodiments may also be used to implement the dialogue 
management techniques of the invention. 

The present invention provides an object-oriented, rule 
based approach to dialogue management Which uses pre 
de?ned frames as a representation of a particular dialogue 
processing task. Adialogue manager in the system then uses 
these task de?nitions to initiate a dialogue motivated by 
particular dialogue principles, selecting questions to ask a 
user based on Weights Which indicate the relative importance 
of particular frame properties. The system is thereby able to 
conduct an intelligent dialogue in numerous different appli 
cations. The dialogue management techniques are substan 
tially independent of the particular dialogue processing 
application, and can recogniZe particular properties in any 
given set of inputs received from an application. The dia 
logue manager of the present invention therefore provides 
considerable improvement relative to, for example, a ?nite 
state system approach Which requires that all of the possible 
states and interconnections of a given dialogue application 
be incorporated into the dialogue processing routines of the 
dialogue manager. 

The above-described embodiments of the invention are 
intended to be illustrative only. Numerous alternative 
embodiments may be devised by those skilled in the art 
Without departing from the scope of the folloWing claims. 
What is claimed is: 
1. A method for use in a processing system for managing 

a dialogue betWeen the system and a user, the method 
comprising the steps of: 

receiving an input signal representing one of speech and 
text associated With at least a portion of the dialogue; 

processing a set of frames characteriZing a subject of the 
dialogue, associated With the input signal, each frame 
including one or more properties that describe a cor 
responding object Which may be referenced during the 
dialogue, Wherein a Weight is assigned to each of at 
least a subset of the properties represented by the set of 
frames, such that the assigned Weights indicate the 
relative importance of the corresponding properties; 

utiliZing the Weights to determine Which of a plurality of 
possible responses the system should generate for a 
given user input during the dialogue; and 

generating an output signal for sensory perception by the 
user representing at least one of the plurality of possible 
responses. 

10 

15 

25 

35 

45 

55 

65 

18 
2. The method of claim 1 Wherein the object correspond 

ing to a given one of the frames is an entity for Which 
information has been stored in a database accessible to the 
system, and a property describing the entity is a name of the 
entity. 

3. The method of claim 1 further including the step of 
separating the properties into static properties and dynamic 
properties, Wherein static properties are de?ned as part of an 
application running on the processing system, and dynamic 
properties are those properties that are determined based on 
a current context of the dialogue. 

4. The method of claim 3 Wherein the static properties 
include approximate properties and properties that are com 
putationally inexpensive to retrieve from the application. 

5. The method of claim 3 Wherein the dynamic properties 
include properties that are bound in the context of a user 
request, properties that are requested by the user, and any 
other properties that are not static. 

6. The method of claim 3 further including the steps of 
de?ning a number of classes of properties, Wherein each of 
the classes is de?ned as a logic function of different sets of 
static and dynamic properties, and utiliZing the class de? 
nitions in conjunction With the Weights to determine Which 
of a plurality of possible responses the system should 
generate for a given user input during the dialogue. 

7. The method of claim 1 further including the step of 
determining a property about Which the user Will be queried 
in an initial system query, by computing an expected number 
of subsequent queries for each of the properties of one or 
more of the frames. 

8. The method of claim 7 Wherein the step of determining 
a property about Which the user Will be queried further 
includes the steps of: 

selecting one of the properties and designating it as a ?rst 
property; 

computing the expected number of subsequent queries 
given that the ?rst property is the property the user is 
asked about ?rst; 

repeating the selecting and computing steps for each of 
the remaining properties; and 

selecting the property that yields the minimum expected 
number of subsequent queries for use in the initial 
system query. 

9. The method of claim 1 further including the steps of 
identifying a particular one of a plurality of dialogue moti 
vators associated With the given user input, and utiliZing the 
identi?ed dialogue motivator in conjunction With the 
Weights to determine Which of a plurality of possible 
responses the system should generate for a given user input 
during the dialogue. 

10. The method of claim 1 Wherein the processing and 
utiliZing steps are implemented in a dialogue manager Which 
serves as an interface betWeen the user and an application 

running on the system and de?ning the set of frames, the 
method further including the steps of: 

converting the user input to a tree representation in the 
dialogue manager; and 

supplying the tree representation to an input ?lter Which 
serves as an interface betWeen the dialogue manager 
and the application, such that the input ?lter extracts 
information from the tree representation and places it in 
a format suitable for processing by the application. 

11. The method of claim 10 Wherein the user input 
comprises a user request for information from the 
application, the method further including the steps of: 

executing the user request in the application to generate a 
response; 
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passing the response through an output ?lter to place it in 
a format suitable for processing by the dialogue man 
ager; 

clarifying the user request in the dialogue manager by 
directing at least one question to the user, if executing 
the user request in the application led to any ambiguity; 
and 

presenting the response to the user if eXecuting the user 
request in the application did not lead to any ambiguity. 

12. The method of claim 11 Wherein the dialogue manager 
generates an interpretation tree representation of the 
response, the interpretation tree representation including a 
different branch for each of a plurality of possible interpre 
tations of the user request. 

13. An apparatus for use in a processing system for 
managing a dialogue betWeen the system and a user, the 
apparatus comprising: 

an input device for processing an input signal representing 
one of speech and teXt associated With at least a portion 
of the dialogue; 

a memory coupled to the input device for storing a set of 
frames characteriZing a subject of the dialogue, asso 
ciated With the input signal, each frame including one 
or more properties that describe a corresponding object 
Which may be referenced during the dialogue, Wherein 
a Weight is assigned to each of at least a subset of the 
properties represented by the set of frames, such that 
the assigned Weights indicate the relative importance of 
the corresponding properties; 

a processor coupled to the input device and the memory 
for processing the set of frames and utiliZing the 
Weights to determine Which of a plurality of possible 
responses the system should generate for a given user 
input during the dialogue; and 

an output device coupled to the processor and the memory 
for generating an output signal for sensory perception 
by the user representing at least one of the plurality of 
possible responses. 

14. The apparatus of claim 13 Wherein the object corre 
sponding to a given one of the frames is an entity for Which 
information has been stored in a database accessible to the 
system, and a property describing the entity is a name of the 
entity. 

15. The apparatus of claim 13 Wherein the properties 
include static properties and dynamic properties, Wherein 
static properties are de?ned as part of an application running 
on the processing system, and dynamic properties are those 
properties that are determined based on a current conteXt of 
the dialogue. 

16. The apparatus of claim 15 Wherein the static proper 
ties include approXimate properties and properties that are 
computationally inexpensive to retrieve from the applica 
tion. 

17. The apparatus of claim 15 Wherein the dynamic 
properties include properties that are bound in the conteXt of 
a user request, properties that are requested by the user, and 
any other properties that are not static. 

18. The apparatus of claim 15 Wherein the properties are 
further grouped into a number of classes of properties, 
Wherein each of the classes is de?ned as a logic function of 
different sets of static and dynamic properties, and the 
processor is further operative to utiliZe the class de?nitions 
in conjunction With the Weights to determine Which of a 
plurality of possible responses the system should generate 
for a given user input during the dialogue. 
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19. The apparatus of claim 13 Wherein the processor is 

further operative to determine a property about Which the 
user Will be queried in an initial system query, by computing 
an eXpected number of subsequent queries for each of the 
properties of one or more of the frames. 

20. The apparatus of claim 19 Wherein the processor 
determines a property about Which the user Will be queried 
by selecting one of the properties and designating it as a ?rst 
property, computing the eXpected number of subsequent 
queries given that the ?rst property is the property the user 
is asked about ?rst, repeating the selecting and computing 
operations for each of the remaining properties, and select 
ing the property that yields the minimum eXpected number 
of subsequent queries for use in the initial system query. 

21. The apparatus of claim 13 Wherein the processor is 
further operative to identify a particular one of a plurality of 
dialogue motivators associated With the given user input, 
and to utiliZe the identi?ed dialogue motivator in conjunc 
tion With the Weights to determine Which of a plurality of 
possible responses the system should generate for a given 
user input during the dialogue. 

22. The apparatus of claim 13 Wherein the processor is 
operative to implement an application running on the 
system, and a dialogue manager Which serves as an interface 
betWeen the user and the application, and Wherein the 
processor is further operative to convert the user input to a 
tree representation using the dialogue manager, and to ?lter 
the tree representation to place it in a format suitable for 
processing by the application. 

23. The apparatus of claim 22 Wherein the user input 
comprises a user request for information from the applica 
tion and the application eXecutes the user to generate a 
response, and Wherein the processor ?lters the response to 
place it in a format suitable for processing by the dialogue 
manager. 

24. The apparatus of claim 23 Wherein the dialogue 
manager is operative to clarify the user request by directing 
at least one question to the user, if eXecuting the user request 
in the application led to any ambiguity, and to present the 
response to the user if eXecuting the user request in the 
application did not lead to any ambiguity. 

25. The apparatus of claim 23 Wherein the dialogue 
manager generates an interpretation tree representation of 
the response, the interpretation tree representation including 
a different branch for each of a plurality of possible inter 
pretations of the user request. 

26. Amethod for use in a processing system for managing 
a dialogue betWeen the system and a user, the method 
comprising the steps of: 

processing a set of frames characteriZing a subject of the 
dialogue, in response to receipt of an input signal 
representing one of speech and teXt associated With at 
least a portion of the dialogue, each frame including 
one or more properties that describe a corresponding 
object Which may be referenced during the dialogue, 
Wherein a Weight is assigned to each of at least a subset 
of the properties represented by the set of frames, such 
that the assigned Weights indicate the relative impor 
tance of the corresponding properties; and 

utiliZing the Weights to determine Which of a plurality of 
possible responses the system should generate in the 
form of an output signal for sensory perception by the 
user representing at least one of the plurality of possible 
responses for a given user input during the dialogue. 

27. An article of manufacture for use in a processing 
system for managing a dialogue betWeen the system and a 
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user, comprising a machine readable medium containing one Wherein a Weight is assigned to each of at least a subset 
or more programs Which When executed implement the steps of the properties represented by the set of frames, such 
of: that the assigned Weights indicate the relative impor 

processing a set of frames characteriZing a subject of the tance of the Corresponding Properties; and 
dialogue, in response to receipt of an input signal 5 utiliZing the Weights to determine Which of a plurality of 
representing one of speech and teXt associated With at possible responses the system should generate for a 
least a portion of the dialogue, each frame including given user input during the dialogue. 
one or more properties that describe a corresponding 
object Which may be referenced during the dialogue, * * * * * 


